Emerging technologies are an integral part of technological progress in this era. Research in emerging technologies is characterized as having a sudden or persistent impact on society by inducing far-reaching changes in an attempt to influence the human quality of life. While scientific progress gets leeway when research is concerned, as it is difficult to exactly predict the outcomes of a hypothesis till all avenues are explored, it also faces obstacles when research touches human safety or the concept of human life and dignity. Hence, progress in research of emerging technologies is strongly predisposed to the attitudes of society and perceptions of individuals. These perceptions, however, may be prejudiced by political and religious opinions, among other reasons.
Introduction
To understand the need for ethics in emerging biomedical research it is imperative to understand the origins of bioethics. The beginning of bioethics was in the early 1960's when Hastings center along with other ethics organizations opened their doors to address the apprehension and fascination of society towards advances in medicine and technology. These organizations observed that bioethics was required to answer questions that originated from increased public awareness of medicine and the concerns surrounding the moral questions related to various technological developments. Hence, in 1974, National Commission for the Protection of Human subjects (NCPHS) was established and the need for bioethics and the work of ethics organizations was understood by society 1 . Ethical debates primarily concentrated on two different thought processes. The first one addressed the rights of human subjects in research and the second one concentrated more on the impact of research on society. Ethical debates helped society understand the impact of technological advances in medicine and technology.
Emerging technologies in biomedical research do not always represent new technological advances. Research projects such as genetic engineering and stem cell research have been around for decades and are just transitioning to a more utilitarian phase. Whether these technologies are new or in a different phase, they cannot evade societal acceptance or, at least, ethical debates 2 . Research in human enhancements, human-animal hybrids, and personalized medicine continue to fuel the ethical dilemmas and policy issues presented by research in biotechnology. These ethical debates are ever growing and directly target research in biotechnology due to its impact on each individual in society.
To understand these types of ethical questions, it is vital to identify their origins. For example, xenotransplants and stem cell research are emerging technologies in biomedical research fields that are controversial and raise several ethical dilemmas 3 . The political, religious and safety related ethical objections raised by society are similar in both these fields, but the similarity ends there. The solutions to the ethical dilemmas and various forms of compromises that have worked for xenotransplants do not seem to work for stem cell research. Divergence such as this can be exploited to study how views of society towards a particular field of research end up influencing its progress. This is possible by understanding the complex interaction between various factors that influence research progress. The factors include but are not limited to; public policy, political affiliations, individual morality, safety concerns, and positive or negative societal perception.
This preliminary study aims to explore and identify the factors that influence the individual decision to support or oppose emerging technologies in biomedical research as this field touches everyone closely with its direct impact on quality of life. The survey data gathered in this study allows a closer look at the primary and secondary factors that influence individuals in forming opinions about the emerging technologies, with different level of being informed. This knowledge can then be used to properly inform the ethical debate and consequently apply innovation and creativity to help professionals and the public arrive at a middle ground solution.
Background

Human genome project and the need for ethical guidelines
In 2003, the multi-billion dollar research project on sequencing of the human genome was completed successfully. This overarching research project unified biological research across the world and provided tools to aid researchers in biotechnology, medical care, and individualized drug development. Although the human genome project was at the frontier of unraveling human genetic makeup, the government agencies involved in research believed that a portion of the budget should be dedicated to ethical issues related to getting and using this genomic information. The ethical, legal and social implications research program (ELSI) was established in 1991 to evaluate the effects of genome research on society and to guide government representatives in establishing privacy guidelines and legislations 4 .
Apart from paving the way for advancement in the science and practice of medicine, human genome project also opened doors for direct-to-consumer genetic testing. Startup companies such as 23andMe are selling genetic analysis kits that allow people to get information on their ancestry data, genetic traits, and health conditions 5 . The problem, however, arises when the cost of getting this information far outweighs any health benefits as the healthcare professionals are not yet prepared to adequately assess the genetic results 5 . Apart from safety concerns such as over-diagnoses, policymakers have to gauge and mitigate ethical concerns such as providing fair access to these genomic therapies.
Effects of ethical debates on individual predilections
Similar to human genome project, research in biotechnology has contributed immensely to the medical advancements and benefit of human existence. Some past failures in biomedical research have made society hesitant and apprehensive of the new ideas in this field. These apprehensions lead to societal concerns fueling ethics based objections to progress in these areas. In 1997, therapeutic cloning took its first step when Dolly the sheep was cloned. The next year saw the creation of human stem cells from embryos 6 . Even though therapeutic cloning gave rise to some ethical dilemmas, they did not generate a huge debate within society similar to the size of impact related to a scandal. In fact, there was a paradigm shift in how society looked at stem cell research when science got embroiled in the scandal surrounding Dr. Hwang Woo-Suk in November 2005. This made society view stem cell research with skepticism as Dr. Hwang, a South Korean researcher whose distinction was successful creation of human embryonic stem cells using cloning, was found to have fabricated most of the data in his research 7 . This came as a shock to the public as well as the scientific community and it diminished the credibility of genuine researchers in the eyes of society. Of course, public media contributed to the spread of this news significantly because of elements important to public media publications. With existing ethical concerns and a scandal of this magnitude, stem cell research came under extra scrutiny from government and society. It took till 2012 for stem cell research to be seen in a positive light. Dr. Shinya Yamanaka of Kyoto University, Japan and Dr. John Gurdon of the University of Cambridge in London were the recipients of Nobel Prize in Physiology or Medicine for the year 2012 8 . Dr. Gurdon is the first cloner to receive a Nobel Prize and Dr. Yamanaka developed the technique that allows adult cells to be reprogrammed to become stem cells.
Studies have shown a negative correlation between support for emerging technologies and safety concerns as people tend to respond more to fear than the promise of a better quality of life. This fact makes it imperative to direct innovation and creativity to work on safety concerns and risk mitigation more than trying to work through biases. A majority of these biases can be alleviated if engineers and scientists are not passive about their role in informing society.
Analysis
Survey details and responder demographics
When ethical debates overlap major concerns like safety issues, political agenda or religious convictions, emerging technologies such as stem cells, genetically modified organisms, genetic engineering, and xenotransplants come under public scrutiny 9 . This premise formed the primary part of the hypothesis for this study as in a previous study while comparing the ethical debates faced by stem cell research and xenotransplantation research, it was observed that an individual's opinion is influenced by various factors. Consequently, a survey was created to understand the influence of these factors, combined with levels of information, on individual opinions 10 . The factors included in the survey were; 1. Politics 2. Religion 3. Perception, and 4. Safety. The responders were given six questions about an emerging technology which held the promise of improving the quality of life and each question provided additional information to the responder about the support or opposition faced by the emerging technology. The survey was intentionally vague about which emerging technology so the results would identify the factors that influence the opinions of individuals in the absence of pre-conceived biases and predispositions. Using a hypothetical emerging technology allowed the responders to disassociate the research from any previous information.
The survey was designed by a team of investigators under the direct supervision of faculty advisors. The survey questions can be found in Appendix I. The data collection was done online via survey links with the approval from the University IRB (Internal review board). Participation in the survey was voluntary and participants could choose not to respond to any or all questions that they did not wish to answer. The survey sample contained N = 101 responders with demographics shown in Figure 1 . As per IRB guidelines, all participants were over the age of 18 and were undergraduate students, graduate students or faculty at the University. Every effort was made to include responders from different demographics, educational backgrounds, political association, and religious affiliation but due to the exploratory nature of the study, the survey responders were chosen based on their willingness to complete the survey.
Survey results and analysis
Results of the survey are presented in Figure 2 . Initially, 99% of the responders supported the basic research of the emerging technology that held promise for patients suffering from a "disease". This support decreased to 70% as responders were made aware of the political objection to the research and the reduced by another 8% when the research was opposed by the religious leaders as well. Once the research was embroiled in scandal, the support for the emerging technology was 43% of which only 11% of the responders wanted to strongly support the research. These results also showed that, even with opposition from political and religious leaders along with the scandal, once the safety concerns were addressed, 71% of the responders chose to support the emerging technology as shown in Figure 3 . As the emerging technology represented biotechnology research specifically related to improving the quality of life, safety concerns were paramount to survey responders but the results also showed that negative perception affected support for the research considerably more than political, or religious apprehensions (as shown in Figure 4) These results are consistent with the surveys conducted by National Science Foundation (NSF) which showed widespread support for federal funding for basic research. 80% of NSF survey responders believed that despite the lack of immediate benefits, research for the sake of advancing innovation is necessary 11 ( as shown in Figure 5 ). NSF surveys also showed that negative perception towards biotechnology is prevalent more in Europe than the United States and genetic testing for detecting diseases was considered more morally acceptable than cloning 12 . The only stipulation to the NSF survey results is that the survey was conducted prior to controversies surrounding genetically modified food and scandals involving scientists in stem cell research. It should be expected that extensive media coverage would allow people to be better informed which could change their opinion towards research in biotechnology 13 . This is, of course, conditional that media does provide truly reliable scientifically supported information, and not selected pieces for an exciting story. It is true that media acts as a convenient platform for expedient information exchange. Hence, scientists and government agencies actively recruit media to provide the technical details of any research on emerging technologies 14 . However, a proactive role from engineers and scientists is critical to ensuring that the correct unbiased information reaches the public and the policymaker, allowing them to make informed decisions, even if they are against desired outcomes by researchers.
The survey data supports the fact that safety is first and foremost on the minds of individuals trying to form an opinion about emerging technologies. Therefore, accurate, reliable, and trustworthy information are critical to this decision-making process. Meanwhile, researchers rely on other outlets and sources like the media in providing enlightenment of the underpinnings of research to society, expecting universal acceptance will follow 15 . What scientists and consequently policymakers fail to understand is that not all research faces resistance from public due to safety reasons, although that would be the overriding factor when lives are on the line. For research dealing with human life and dignity such as stem cells and genetic engineering, people are more troubled with the ethical questions stemming from individual morality more than safety. It is safe to assume that individual morality definitely gets colored by religious beliefs and political convictions. As morality of individuals differs based on their personal beliefs, the information they receive should be tailored to address their questions and concerns 16 . It should be noted, however, that individuals compare the information they receive to their personal beliefs and when there is a clear disconnect, people tend to question the validity of the information rather than change their personal beliefs. This trend is pronounced when the individual has a negative perception towards that particular research creating distrust for scientists in general.
Survey limitations and future work
This preliminary study has several limitations which need to be described as the results are being analyzed and conclusions being drawn. As shown in Figure 1 , the sample size is limited and cannot be an accurate representation of the general population of the Unites States or the world. As most of the survey respondents fall in the age group of 18-30 and are from the Midwest United States, a possibility of an additional bias specific to this age group in that region is added to the big picture. The survey was pilot tested to ensure that the questions were relevant and easy to comprehend but the questions do not attempt to encompass all the factors influencing individual opinions. The entire survey was created empirically based on the hypothesis that individual opinion is influenced by various factors including but not limited to religious bias, political affiliation, and individual perception. In addition, the survey was not general enough to include all emerging technologies research in biotechnology but rather specific to improving the quality of life and exploratory in nature. This might have led the responders to consider safety issues more than other political and religious factors as the survey mentions "disease". Due to the exploratory nature of the study, the factors influencing individual opinion were not compared or contrasted to existing approaches but would form the basis of future work.
Conclusion
Even in the era of general trust in science as a tool for progress and innovation, unilateral and undiscerning support for research cannot be expected. People are knowledgeable at different levels enabling them to question the suitability of scientific progress. However, for newer or unfamiliar emerging technologies, where information is scarce and disconnected in public media, instead of a heuristic approach, people tend to draw conclusions about the research based on biases like political or moral ideologies, religion, and perceived safety concerns, to name a few. The ardent supporters of research in biotechnology believe that people are generally ill-informed and disclosure of scientific or technical information explaining absolute facts of the research will elicit support. Even though interest in research and acceptance of scientists' credibility might allow a certain degree of confidence about research, information alone is never enough to garner support or acceptance from society.
The rising dilemmas in emerging technologies in biomedical research can be addressed better if the ethical debates were fueled only by safety concerns and policy decisions were only dependent on benefits vs. risk ratio. Religious principles and political agendas tend to influence society's opinions toward research and their outcome. When ethical debate of whether an emerging technology is a road to salvation or disaster waiting to happen, is fueled by society's perception of that technology, it can be observed that the fundamental cause for deliberation is not just political or religious misinformation. So in order to be proactive in mitigating ethical concerns, it is imperative that reliable and relevant information are provided, to alleviate negative perception and create policies addressing safety concerns. Researchers need to accept the fact that although providing accurate information about the research is necessary for the informed decision, alone, it cannot eliminate all ethical objections raised by society.
Without a doubt, emerging technologies will help redefine the quality of life and research in general but it will also continue to ignite geopolitical and ethical debates on privacy, equality, and human dignity 2 . Ethics of emerging technologies seems intractable at times primarily due to the abstract nature of research combined with endless issues due to the uncertainty of the outcomes. By proactively addressing safety concerns and informing the public every step of the way, engineers, scientists, and researchers can reduce this great fear of the unknown in the hearts of society. A new emerging technology holds great promise for improving quality of life for patients with "XYZ" disease. The data published by an authorized health research organization shows that in 5 years, 2 out 100 people will be suffering from "XYZ". Would you support or oppose research in this emerging technology? Prefer not to answer The congressman of your district (whom you voted for), opposes research in this emerging technology. According to him, a small subset of farmers would suffer because of this research as the farms surrounding the research facilities will see a 30% decrease in crop yield for the next ten years. He also believes that this is just the tip of the iceberg and it is difficult to ascertain the extent of damage to the crops. Would you support or oppose research in this emerging technology knowing that the elected representative of your district is against it, even though his claims are based on unsubstantiated data? Prefer not to answer The religious leader of your community opposes research in this emerging technology. According to him, the raw material for conducting research are being obtained using morally questionable sources which violates some of the religious principles. He also believes that these morally questionable practices lead to more unethical behavior. Would you support or oppose research in this emerging technology knowing that the religious leader of your community is against it? Prefer not to answer Some special interest groups are lobbying against research in this emerging technology. According to them, using this technology would lead to some minor yet prominent health issues for everyone who comes in immediate contact with the individuals using this technology. Would you support or oppose research in this emerging technology knowing that there are risks involved in using this emerging technology? 
